Background -The combined use of wrist
Background -The combined use of wrist actigraphic assessment and self assessment of sleep in the screening of obstructive sleep apnoea syndrome was evaluated in a community based sample. Methods -One hundred and sixteen community based subjects clinically suspected of having obstructive sleep apnoea (syndrome) were evaluated by means of simultaneous ambulatory recording of respiration (oronasal flow thermistry), motor activity (wrist actigraphy), and subjective sleep (sleep log) during one night of sleep. Results -The subjects were distributed according to their apnoea index (AI); AI<1 (non-apnoeic snorers) 44%; AI 1-<5 39%;
and AI > S 17%. High apnoea index values were associated with self reported disturbed sleep initiation and more fragmented and increased levels of motor activity and decreased duration of immobility periods, particularly in those with an apnoea index of >5. Across subjects the duration of immobility periods was the only predictor of the apnoea index, explaining 11% of its variance. Use of the multiple regression equation to discrinminate retrospectively between those with an apnoea index of<1 and > 5 resulted in sensitivity and specificity values of 75% and 43%, and 5% and 100%, respectively. Conclusions -The combined use ofa sleep log and actigraphic assessment of sleep failed to identify reliably those subjects who suffered from obstructive sleep apnoea (syndrome) in a sample of community based subjects reporting habitual snoring combined with In the present study we have evaluated the applicabililty of activity monitoring in 1 6 community based subjects who were clinically suspected of suffering from obstructive sleep apnoea syndrome. Additionally, the extent to which combined sleep log and activity monitoring measures are related to obstructive sleep apnoea (as assessed by concomitant oronasal thermistry) has been studied.
Methods

SUBJECTS
The subjects were a subgroup of a larger sample comprising all 2476 inhabitants (men >35 years and women >50 years of age) of the general practice serving the town of Krimpen aan de Lek, The Netherlands, who were selected for a large epidemiological study on the prevalence of obstructive sleep apnoea syndrome and correlates. This cross sectional study was performed in two stages.
Firstly, a questionnaire was sent to the 2476 inhabitants addressing sociodemographic variables, lifestyle factors (alcohol and tobacco consumption), (sleep) medication, cardiovascular symptoms, snoring, and sleeping habits. A response rate of 88% (2174 subjects; 1402 men) was obtained after two reminders. The questionnaire data were subsequently used to select subjects in which obstructive sleep apnoea syndrome was highly suspected2489: (1) habitual snoring (more than three nights per week) combined with (2) One hour before bedtime the subjects attached the activity monitor and thermistor and started the Medilog recorder to obtain one hour's data of respiration during wakefulness. The subjects had to press the event marker of the recorder at the moment they turned off the lights to go to sleep. The "lights off' time and the time they switched off the recorder in the morning had to be indicated in the sleep log.
The recordings were digitised at 1 Hz. The sampling process was continuously synchronised to the recorded time signal, resulting in an inaccuracy of less than 15 seconds over 24 hours.'2 A display program allowed the digitised recording to be viewed at any time scale. The recordings were scored by one of us (CR), a skilled technician. The recording was considered sufficient when more than five hours were obtained without artifact or signal dropout. Apnoeas were scored when there was at least a 90% reduction of oronasal airflow (lasting > 10 seconds) compared with the value of the immediately preceding respiration. Possible artifacts were also scored. Time in bed (TIB) was defined as the period (hours) from "lights out" until definitive awakening and was derived from the subject's sleep log. (4) snoring (yes/no), (5) difficulty with awakening in the morning (1= no difficulty to 5 = extremely difficult).
The subjects also had to indicate possible reason(s) for night time awakening(s) and whether they experienced any complaints after final awakening. Sleep log items (3) and (5) were considered clinically relevant if a score of > 4 was obtained.
Sleep: activity monitor Parallel to the respiration recording motor activity was continuously recorded by means of a solid state activity monitor worn on the wrist of the non-dominant arm. Wrist activity recordings detect both integrated generalised movements and small movements that occur at the distal extremities.'3 The non-dominant wrist was chosen for convenience. The characteristics of the activity monitor (Gaehwiler Electronic, CH-8634 Hombrechtikon) used in this study have been reported elsewhere.'o'14 For each subject the following activity monitoring measures were calculated for the TIB period: (1) the movement index (%) indicating the percentage of epochs with an activity count of >0. This reflects the proportion of activity >0 epochs of all activity and immobility (activity = 0) epochs that make up the TIB period; (2) the activity level (activity counts/15 second epoch); (3) the adjusted AL (activity counts/ number of activity >0 epochs); (4) the duration (min) or uninterrupted activity (activity >0) (DAP) and immobility (activity = 0) periods (DIP). DAP and DIP values were derived from a converted raw actigram which is a separate time series consisting of 15 second epochs each containing the duration of the ongoing activity or immobility period. To discriminate DAPs from DIPs, the DAP values were tagged by a minus sign; (5) the fragmentation indices (F15-F60), the percentage of one (F15), two, three, and four successive epochs (F,0-F60) without movement with respect to the total number of immobility periods of all durations. The term "fragmentation" was previously described as a measure of sleep disturbance reflecting the increased occurrence of activity periods at close intervals.5 Hence, the number The relatively high proportion of dropouts in this study (51 out of a total of 167 recorded subjects, 30%) was the result of an unfavourable distribution of failed or unsatisfactory recordings across the subjects with nine (5%) dropouts from thermistry: 22 (13%) dropouts from activity monitoring, and 31 (19%) dropouts in which either thermistry or activity monitoring was unsatisfactory. Of the remaining 136 adequately recorded subjects 20 (15%) had less than five hours thermistor signal without artifact and/or signal dropout. The relatively high number of activity monitoring dropouts -which is quite uncommon in research using activity monitoring"5 -resulted from a critical computer hardware failure (eight recordings), erroneous usage of the activity monitoring computer interfacing system (nine recordings), and physical damage to the accelerometer of the activity monitor (five recordings).
The group of 51 subjects in whom monitoring failed (group: M-) comprised 42 men and nine women of mean (SD) age 56-0 (13-4) years and mean (SD) body mass index Hence, for all activity monitoring measures an ANOVA was performed with the sleep log measures alcohol consumption (no of glasses) and disturbed sleep initiation (1 =yes; 2=no) as covariates. Disturbed sleep initiation covaried significantly across the apnoea index groups for the movement index, DIP, and all fragmentation indices F15-F60 (all measures p<0O005) but not for the activity level, adjusted activity level, and DAP. Alcohol consumption covaried significantly (p = 002) only with the DIP. After controlling for alcohol consumption and disturbed sleep initiation a significant main effect for apnoea index group emerged only for the DIP (p=001) and F60 (p=002). The DIP differed significantly between the apnoea index groups, whereas the F60 was significantly greater in the AI > 5 group than in the other two groups (figure).
PREDICTORS OF APNOEA INDEX
To identify the measures that are related to the apnoea index scores all sleep log measures (table 2; except for self reported sleep latency, number of awakenings after sleep onset, and TIB); sex (1 = male; 2 = female), sleep disturbances (1 =present, 0=not present), and the activity monitoring measures were entered as independent variables into a multiple linear regression analysis. As the distribution of the dependent variable apnoea index across subjects was skewed (Kolmogorov-Smirnov test; p<005), the apnoea index scores were logl0 transformed, after which a normal distribution was obtained.
Only the DIP showed a significant relation with the apnoea index scores (R2=0-11, F= 14-4, p = 0 0002). The multiple regression analysis yielded the following multiple regression equation: logl0 AI = 0-6326-0-0631 x (DIP).
Although the proportion of variance explained by the DIP was small (11%), we retrospectively tested this model with apnoea index cutoff scores of 1 and 5 to distinguish non-apnoeic snorers (AI< 1) and apnoeic snorers with an Al of > 5. This resulted in sensitivity and specificity values of 75% and 43% (AI<1) and 5% and 100% (AIl 5), respectively.
Discussion
The results of this study show that combined subjective and actigraphic assessment of sleep in community based subjects reporting habitual snoring combined with excessive daytime sleepiness and/or nocturnal respiratory arrests fails to identify reliably those suffering from obstructive sleep apnoea. Only the mean duration of immobility periods (DIP) was a significant predictor of the apnoea index, accounting for only a small percentage of the variance (11 %) of the apnoea index. Measures reflecting the self assessment of sleep showed no relation with the apnoea index. Unsatisfactory values for sensitivity and specificity were found for the DIP, particularly at the AI > 5 level which is commonly regarded as being clinically relevant.3
Our results are not in line with those of two previous activity monitoring studies in which patients with polysomnographically confirmed severe apnoea (AI 10) were compared with healthy controls.56 In these studies relatively high sensitivity and specificity values up to 89% and 95% respectively were reported. In addition, Sadeh Thermistry yields a qualitative and therefore limited measurement of airflow so episodes of hypoventilation which may resemble apnoeas in terms ofsleep disruption and hypoxaemia are difficult to recognise and may go undetected. '9 Nevertheless, Mossinger et al showed that thermistry accurately identified patients with an apnoea frequency of more than 35 events per night.20 Moreover, visual inspection of numerous routinely scored polysomnograms in our sleep laboratory including oronasal thermistry invariably revealed close correlations between the determination of apnoeas on the polysomnogram and those scored on the basis of our ambulatory single channel thermistor."
Obviously, for our large scale epidemiological study on the prevalence of obstructive sleep apnoea syndrome the choice of ambulant oronasal thermistry was a compromise. The alternative would have been a complete polysomnographic recording in our sleep laboratory but this would have been too costly and probably would have reduced the participation rate of our subjects.
Surprisingly, in our study clinical features often reported to be related to the apnoea index such as age, body mass index, snoring, and alcohol consumption'92' did not emerge as predictors of the apnoea index. In addition, subjects with an apnoea index of > 
